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This  p^)Vdiscus^  design  and  ^rstems  integration 
.  1  status  M  a  5(x000  pound  (222.4  kN)  thrust 
•  OxygewHydrogeir  Upper  St^  ^gine  Demonstrator 
(USD)  being  created  t^  ;Piatt  &  Whhnqr  Liquid  Space 
Propulsion  under  contract  for  the  United  States  Air 
E(xce  Research  Laboratoty  (AFRL)  to  siqjport  die 
.  Integrated  High  Payoff  Rocket|Technology  (IHPRPT) 
^“program.  The  objective  ot  tins  ^gcam  is  to  mt^rate 
advanced  technology  conqxments  into  an  oqiander 
cycle  ragine  configuration  and  demonstrate  a  1% 
increase  in  specific  iitqiulse,  a  30%  increase  in  engine 
dirust-to-weight,  a  25%  reducdon  in  Mures  per  1000 
uses,  a  15%  reduction  in  required  siqiport  costs,,  and  a 
15%  reduction  in  hardware  costs,  relative  to  current 
state-of-the-art  levels.  Scheduled  to  be  die  first  of  the 
IHPRPT  program  engine  demonstcatois,  test  firing  is 
planned  in  late  2001  to  demonstrate  a  chamber 
pressure  (Pc)  ctqiability  of  1375  psia  (9.48  h^a).  This 
integrated  50k  LOX/LI^engine  demonstrate  will  be 
used  to  evaluate  individm  component  technologies  as 
well  as  the  system  level  mechanical,  structural  and 
diermodynamic  interaction!^ 

This  technology  program  pushes  the  performance  and 
qpeiability  envelope  of  existing  eiqiander  cycle  engines 
and  provides  die  technology  foundation  to  Mow  die  > 
development  of  die  next  generation  of  advmiced  space 
pix^ulrion  systems  for  iqrper  st^' and  reu^Ie 
booster  applications.  Additionally, vtirror^  design, 
manu&ctin,  and  integration  of  die  dem(nsttatDr,iaew 
mediods  have  been  develqped  and  adi^iti^  which  will ' 
increase  reliability  and  reduce  coriqxment  &hncation 
times.  ' 


0029),  is  contfiicting  a  systein'ievd  integrationof  a  50k 
LOX/LH2  Upper  Stage  Demonstrator  (USD)  engine' 
(Ref  AIAA  99-2475,  De^gn  and  Development  of  a 
50k  LOX/Hydrogen  Upper  Stage  Demon^ator).  The 
USD  is  conprised  of  the  Advanced  Liquid  Hydrogen 
(ALl^  turbcpunp,  wfaichis  currently  undergoing  tests 
(Ref  AIAA.2000-3679,  Testing  of  an  Advanced  Liquid 
Hydrogen  Turbopunqt),  the  Advanced  Expander 
Combustor  (AEC)  (Ref  AIAA  2000-3776,  Fftbru^on 
And  Test  Of  An  Advanced  Expander  Combustotn^'mik-^ 
P&W  provided  Advanced  Liquid  Oxygen  ^LO) 
tutbopump.  .  .  . 

The  ALH  turbopunp  was  designed  arid  ideated  by 
P&W  for  die  AFRL  under  contract  F0461 1-94-00008 
and  is  currendy  undergoing  conponent  testing  at 
P&W.  The  ALH  tmbqpunp  incoiporates  m  advanced 
fluid  film  rotor  sipport  system  andpurip  and  turbine 
inprovements  to  maximize  punp  discharge  pressure  at 
a  minimum  turbopunp  weight  and  production  cost 
The  AEC  tirra^  chairiber  was  designed  and  is  being 
fabricated  by  P&W  jfor  die  AFRL  under  contract 
,F0461 1-95-C-0123  for  conponent  testing  with  a  P&W 
provided  50k  mjector  in  summer  2000.  The  AEC 
thrust  chamber  incorporates  an  advanced  copper  alloy 
in>  a'  tiibular  design  to  significantly  inprove  die 
cspaMlity  of  the  epander  cycle  engine.  For  die 
dmiomstiator  contract  effort  P&^  is  integrating  die 
P&\^^tovided  ALO  turbopunp  and  50k  irtjector  widi 
die  govemmeii^niiished  ALH  turbopunp  and  AEC 
thrust  chandler,  into  a  demonstrate  assenib|^ 
providing  air.  required  conponent  plQrsical  an^ 
fimctional  irftet£tees,~ductii^  valves,  actuators,  control 
tystern,  instrummtatiop,  and  sensors 


INTRODUCltON 


The  Air  Force,  Army,  Navy,  .  arid  NASA  Wve 
iinplemented  a  diree-pi^,  15-year  rocket  prpusion 
technology  improvement  effort  to  *double  ^ket 
propulsion  technolc^  bf  the  year  201Qm  This 
initiative,  designated  die  int^ratedu.Mgh  Fayoff 
Rocket  Propulsion  Technolo^  (IHPRPT)  ^tablikied 
performance,  reliability,  and  cost  inproven^ent  goals 
for  each  of  the  diree  phases.  These  goals  are  to  be  met 
by  advancing  conponent  technology  levels  t^ugh 
design,  develcpment  and  demonstratiort  Mov^  by 
ari  integrated  system  level  engine  demoiistratm ';to 
validate  performance  to  the  IHPRPT  system  level 
goals.  'jfaXt  &  Whimey  (P&W)  Liquid  %)ace 
Propulsion  (LSP),  under  contract  to  the  United  States 
Air  Force  Research  Laboratory  (contract  Fi)46ir-97-C- 


!n».  int^ra^  .of  these  advanced  technology 
cMsonents  htto  M  encine  level  svstem  fm*  test  firina  . 
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cteiponents  tnto  an  engine  level  system  ftn*  test  firing  . 
wffl  derrionstiate'  die  IHPRPT  LOX/LH2  boost/orbit 
vtraas^  intpulsiira  area  Phase  1  goals.  These  system* 

-  hwel  goals  midad^a  1%  inprovement  in  vacuum 
pttific  inpulse,  a  30%  inprovement  in  thrus0ci0 
wei^t,  a  15%  reduction  in  hardware/spport  costs, 
and  a  25%  reduction  in  Mure  rate  relative  to  the 
current  state-of-the-art  engine. 

-vvA* 

Pratt  &  Whimey,  in  cooperation  with  AFRL, 
established  an  advanced  tpper  stage  etpandm  engine 
model  for  the  purpose  of  establishing  die  individnal 
conponent  requirements  necessary  to  ensure  die 
IHPRPT  Phase  1  system  level  goals  are  achieved.  This 
(tycle  model  was  used  to  establidi  the  pafotmance, 
cost,  weight,  and  diermodynatnic  operating 


Teqmremmts  of  Ae  demonstrator  engine.  The 
component  and  engine  level  demonstration  goals 
established  for  Ae  50k  LOX/LH2  Demonstrator  to; 
sttoport  Ae  IHPRPT  goals  ar^ 

•  Demonstrate  an  engine  chamber  pressure  of  1375  : 

psia  (9.48  MPa)  at  an  engine  flowrate  to  provide. 
50,000  Ibf(222.4kN)  of  AruslE^_,A  '■ 

•  Maintain  Ae  geometric  envel^^f  Ae  beeline 
(throat  area,  engine  lengA  ^d  Aam^ei;  etc.12) 

•  Traceable  contoonent  we^ts  to  support  an  engine 
flight  wei^t  of 700  ll^(p8%)£^^ 

•  Demonstrate  rq>eatabl^safei'^^^utdov^"ac^'' 
steady-state  operationi/j\ 


ttpzde  will  be  448.2  seconds.  Extr^lating  Ae  design 
of  USD  to  estimated  flight  weights  for  Ae 
components  indicates  Aat  Ae  IHPRPT  Hiase  I  Arust- 
to-we^t  goal  of  70.9  is  achievable.  Table  1  contoaies 
Ae  USD  and  projected  IHPRPT  Phase  I  engine 
reliability  improvemenA  to  Ae  baselme  engine.  As  Ae 
stable  mihc^es,  Ae  USD  wiAout  Ae  dual  channel 
;}iredundmcy  Ak^^  w^  be  mcorporated  into  Ae 
vifflPRK  en^M  design,  fe  still  projected  to  show  a 
reliabflity  hip^erh^^^^^  due  primarily  to  Ae 


fiid  ;tad>cpnB^.  ^jectihg  the.  USD  technologies  mto 
■  A^pH^;Hike  loigine,  wiA  Ae  adAtibn  of  dual 
;  j^B^l  control ';sys|^  r^imAAcy,  shows  Aat  Ae 
" "  bf  a.,  25^  p^ehti^  irttoiovement  is 

pp^le  to  achieve.  "• 


DISCUSSION 


ABC  and  ALO  having  bebh^cAmpet^  under  separate 
contracts,  Ae  scqre  of  A#.U;^  eiflut  was  JAidt^^ 
system  mtegration.  System  inb^E^bnvbf  Aie  USD, 


*  4' P^ure  1  Apws  Ae  curraitpOTfigniafii:^  of  the  USD. 

changed^  'y«y ,  lit&  since  Ae 
,  Ptolinm^  Design  Review  |ppRjjm-DeceiiA  1998. 
lie?": .  liThe  A^hs  Groiq)  wkhthg  m  r^cert  wiA  P&Wh  Test 
^  ^  Dea^  teams  coriapletbd'  Ae^^  of  Ae  USD 

0  pipihg.  hflnor  conflgirkkm  chai^^^haye^been  made 


to^pntmne^. 


IHERPIl 


piping  was  concluded  wiA  a  sncblK^l  QiAtot  Desist  .  the  pipu^  ■  den]^:  to  ;  •transient 

Review  in  September  1999:>  The  .Dembnstrator  b  cperation  a^^  ihe 

projected  achieve  Ae  IHPRPT  Phase  I  gosJtof  50,000 .  tU]^t^s,V  <^^ 

Ibf  (222.4  thrust  wiA  nrargin.  The  projected  ■ 

vacuum  specific  inpilse  wiA  a  baselme  area  ratio  '>r-< 

, - - - — ] - _ ,  r  BoA  ifltow  and'  si&uctural 

'  I  I  p  analyas  oT  Aie  p^g  was 

:  i  i  bEsTT  ^  /  Perfor®®<^-  ““^3^ 

!  i  i  ..  I  inlet  conAtions  for  each  section 

']  ■  '  I  \  were  derived  from  Ae  cycle 

;  ;  .|  S  ,  i  \  analysis.  The  onfrAmensional 

!  ]  .  ’  !  i  4 :  Va^ysis  indicates  Aat  at  100% 

i  ’  l  M  ;  i  intorbvements  in  pressure ' 

i  «  8  ^  ^  i  lOK  of  22%  m  Ae  hydn^en- 
c«a»«e«  i  lHERPIW««tR,^  systen  and  17%  A  Ae  Oxidizer 

viSin»lifiedwheZsfe“  ,  ;  44%;  71%  i  achieved 

- - - ..... — ._z_.r  — - ebnmar^  to  Ae  ini&A  inaA 

■Cmarels  ComiionBata _ _  .RnldanndpfgvtewreAaijaney  _ model  expectations''  The 

iTarfAiTi  s»^  _ _ ...i^A^yevidesreted^ .  ;  improvement  mpipaigi»eSSHre 

Mm. . .  .  -  -  ■  dtop  assures  tifcat  Ae  turbme 

'GiadidAssy  •  Peagped'aafittaiiiaiar^ _ _j _ _]  flow  contiol  -  valveS  haive 

TfepeHaBtl^as _ _ _ !MBstineetfiWk.l27-l  .  ■  _ ^ _ j _ _ •  _ j  '  operative  margin  at-Ae  100% 

iTlutlOU^rTiiiMWY  _ _ ; _  _  2 _ ."  _  "Z^L  %  13%  1  operating  conditkA.  The 

iOadiarBoostPia^'  . _ ;  "  ~  “  "j  structural  anAysis  includes  the- 

:RitlBoc8tPiaBp _ _ _ iFtoeiBd'fioiBiaaiaty  ttri^^  ; \  ■  wA^t  of  Ae 'Components  and 

^CAtoPjaap  AsMBibb _ ^ _ '^Bed  dti^oStf  by  added  , .  'Was  pCTfotmed  at  boA  100% 

'  :g^^A«egfeV"  _ JS^^jrfjteagajgtoi^  Z.  •  RPL  and  chill-down  conAtions 

- - ..... . — - to  bracket  Ae  expected- 

: _ _ _ _ _ ^ _ _ :_..L ^W«]54;%  j  operating  range.  The  anAysis 

Table  1- USD,  and  IHPRPT  Phase  I  Relibilily  Comparison  inAcatw  Aiding  stress®  are 

well  within  desired  margms  of 


ilfliiMon  Swtem 

'GiaibalAssy _ 

Trepetot  lings _ 


tBatmal 


_  i&Bl'daBBdpfgTidwredoadaBcy 


j  Inpnnremaiit  I 
.  KaMveto:  j  j 
Baselme  ; 


'JV  i 

mrj 

iiJlU 

!  44%:  mj 

1  r??‘wi 


!lfatiBeet  EWB.127- 1 


!55S55'.?Sl?.?l!SPl_i _ 

Boost  5^5 _ _ _ iFtooted'Sea  ;>aiiaty  tofbbBHdiney’ J_ 

;  Caidiier  Fmop  Assenibly _ ^ _ •  Sagged  desigaoSgt  by  added  , 

Fiiel  Pnag  Assenibly  _ -Sitgggd  desiaa  (80%  parts  tednetion) 

;Geaiboz  "-iDeleiad  ,  ; 


5%:  7% 


77%i  54%  i 


Table  1  -  USD,  and  IHPRPT  Phase  I  Relibilily  Contoarison 
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'  .  Figure  I  -  USD  Configuration 

safety  for  both  static  and  vibratory  conditions  witiiout  USD  Mafli  Model 

inposing  unacceipt^le  inteiiace  loads  on  tiie  A  USD  system  tnatii  model  has  been  created  witii  the 

compcments^  which  isadequate  fertile  design  intent  of  P&W/NASA  MSFC  ROCket  Engine  Transient 

tile  USD.  The  thrust  'mount  support  ring  was  also  Simulation  (ROCETS)  system.  RCX^ETS  consists  of  a 
examined  and  found  structurally  acceptable  with  end  libraiy  of  module  buildi^-block  codes,  a  processor  to 
siqipmts.  The  structural  model  will  be  retained  to  assist  conjure  tiie  modules  into  a  user  defined  ^s^ 
with  the  design  of  the  discharge  piping  and  otiier  simulation  and  a  processor  to  execute  tiie  simulation  as' 
&cili^  interfaces.  The  inqiact  of  the  loads  is  expected  defined  by  the  user.  The  noodule  codes  are  non-^ear 
to  be  low  becmise  of  tiie  current  margins.  matiiematical  representations  of  tiie  rocket  en^e 

conpments  with  sitii-modules  containing 
Over  ISO  individiial  sensors  have  been  incorporated  characteristic  m^  of  qiecific  conqxmmts  and 

into  tiie  design  of  the  USD  to  gather  health  monitoring  ]»operties  of  fluids,  inetals  and  combustiro.  Design, 

and  performance  data  on  each  of  tiie  conqionents  and  off-design  and  transient  characterization  are  provided 

the  system  in  additional  to  the  almost  20  parameters  with  the  simulation  tiirough  the  use  of  characterize 

thatwillbemonitrKedby  the  Digital  Electronic  Rocket  component  The  transient  ROCETS  model 

Engine  Control  (DEREG).  System  data  to  be  gatiiered  rqiresents  the  engme  cycle  and  tiie  coriqionent .  to 

include  conqxment  fluid  inlet  and  discharge  .  coriqxinent  interactions  witii  real  properties  (fluid  md 

conditions,  inlet  flow  rates,  turbomachinery  rotational  combustion)  along  witii  2-dimensional  flow  analysis, 

speeds  and  vibrations,  valve  positions  and  Non-linear  dynamic  analysis  of  system  interactions  is 

electromechanical  Actuator  (EMA)  current  draw.  achieved  with  volume  dynamics,  inertial  flow,  line 

;  T .  7  ftiction  losses,  valve,  actuator  and  controller 
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characteristics.  Heat  transfer  analysis  is  limited  to  2-  chamber  sosion  during  transients.  Control 
dimensional  conduction  and  convection.  The_  model  metiiodology ''sfadies '  wei^^ 

does  not  perform  any  Con^utational  Fluid  Dyn^cs  chamber  pressure  add  mixture  .ratio  controls,  and  aet 
(CFD)  analysis.  '  -  ^  control  parameters.  Open  and' closed  loop  coiitrol 

TheUSD  R(XferS  tt^mddel;4^1)oflitransient,ind^^^"  ^  and  mixture  ratio  to  the  request  sset-^ints. 
steady  srate  modding  'o^il^ities  -  whhin  the"  ALH  and  ALO  tuibcpunq}  perfotmah%  maps  be 
linritatiqns  pretdo^  identifi^:  This  ^tem:1ie(wI-\  1^  against  conponent.  p^ormance  test 

math  model  is  used  to  stai^  power  levi^'  r  T^  to  assure  sufficient  cooling  the 

ramps,  shutdown  and  steady  state  valve  schedhi^  'bhmber.  The  effects  of  injector  pm^^a^ 
sipport  test  planning  and;  pre-run  predictions;  suy^)^;  pi^llant  fill  and  flushing  were  exasm^  ThOnralfa 
conponent  and  pluming  design;  define  'valve;  model  enables  customiaation  of '  S}^e^ 'ilcxitrol 
requirements;  and  verify  control  mefliodology.  '  -:^0;’':;  parameteis  to  safely  optimize  USD  opda&n.  ' 

USD  math  model  is'tW  to  tprinrize  transient  and  ; 


steady  state  operation  with  tte  following  operability 
considerations: 

•  Avoid  pump  cavitation;  ;^sdiil,  -a^^ 

caused  by  rapid  flow  acceleration,  low  inlet 


•  Minimize  water  hamme^ 

•  Avoid  injector  flow  reversal^ 

•  Avcnd  nozzle  titroat  over-tenperatare(p 

•  Prevent  thrust  chamber  erosio^ 

•  Track  requested  thrust  and  mixture  rati^ 

•  Avoid  excessive  tutbopunp  axial  loads. 


USD  Math  Model  Update^j  X 

the  USD  system  math  m^l  win  be  tpdated  to  reflect 
'^conpbnent  characteristics  based  bn  final'desip  and 
conponent  test  results.  The  .  USD  system  math  model 
has  been  ipdated  to  lOflect  die  final  design 
configuration  piping  line  losses.  The  ALO  performance 
mps  were  available  December  1999.  Limited  stead30 
state  analysis  :  was  conpleted  widi  these  conponent 
ipdates,  discussed  below.  Valve  characteristics  were 
available  late  in  1999.  Verification  of  the  valve  flow 
data  win  be  conpleted  fudor  P  ipdating  the  madi 
^model.  AEG  component  characteristics  will  be  available 


Several  non-linear  characteristics  are  incorptpited  in  ®  2000^  fonovring  hot  fire  testing  of-  the  AEG. 

tfie  USD  math  model.  Coiribustion  properties  are  ALH  conpontent  characteristics  will  be  available  ipon' 
obtained  fom  the  NASA  ODE  database  and  real  fluid  conpletion  of  die  ^H  test  series. 


prperties  ftom  the  NIST  database.  The  USD  ROCETS 

model  simulates: 

•  Volume  dynamics; 

•  Punp  inlet  and  discharge  line  inertia; 

•  .  Pipii^  line  losses  and  valve  characteristics; 

•  Derign  and  off-desi^'turbine  mi  polytnpic  punp 

characteristics;  . 

•  Multi-node  chaniber  2-dimensional  heat  transfer 
module; 

•  Injectorareas; 

•  Controner.wilh  digital  to  analog  interflice  actuator 

dynamics,  sensor  dynamics,  and  open  or  clo^ 
loop  cpability;  -  ^ . 

•  Fuel  ^em  venturi;  Ol*\jA 

•  Active  injector  purgeg) 


Transient  Anafysis: 

The  transiem  studies  wfll  be  repeated  tpcm  having  tiie 
off-design  characteristics  bom  conponent  testing  of 
the  ALH,  ALO  and  AEG  incorporated  into  tiie  mottel.  ' 
The  coupling  of  fliese  cmnponents  and  flte  system 
dynamic  characteristics  requires  that  final  transient 
studies  be  deferred  until  all  benchmarked  conponent 
characteristics  are  avmi^le.  Analyris  of  tmbcpunp 
axial  loads  will  be  conpleted  afl^  ALH  and  ALO 
conponent  characteristics  have  bemi  validate  by  test- 
and  the  results  incraporated  into  turbopunp  axial  load 
modules.  - 

Steady  State  Analysis: 

The  USD  math  model  was  used  to  analyze  tiie 


Using  the  matii  model  steady-state  and  toansient 
qperation .  were  examined  to  develp  control 
methodology  and  valve, .sequencing  that  would  satisfy 
the  (perability  considerations  during  start,  power 
changes,  steady-state  and  shut-down.  Valve  sequencing 
was  ptitmzed  to  minimize  water  hammer,  avoid  puiip 
cavitation  .  and  .  similar  tuibopump  .  tdated 
considerations,  and  reduce  tiie  potential  of  tiirust 


preliminaiy  -steadl^tate  performance  at  power  levels 
ranging  from  tiie  start  leveL  ti0%  RPL  -  Pc  of  825  psia  ’ 
(5.69  Mpa)  at  an  0/F  of  6.0,  to  tile  100%:pow  level. 
Pc  of  1375  psia  (9.49  Mpa)  at  an  0/F  of  6.0.  The 
pdated  ALO  performance  mps  result  in  no 
significant  chpge  in  tiie  stead0tate  perating  points 
analyzed  The  pipir^  line  losses  resulted  in  a  3.5% 
increase  in  fuel  control  valve  margin  at  tiie  100%  RPL 
point  Complete  steac^tate  analysis,  including  the  off- 
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design  points  and  tmbopusq)  axial  loads  will  be 
deferred  until  benchmadced  conqxaent  characteristics 
are  available. 


The  50k  engine  demonstrator  will  be  configured  with 
an  ‘bn-engine”  electronic  control  system.  The  engine 
control  system  will  be  ctm^tiised  of  a  Digital 
Electronic  Rocket  Engine  Control  PEREC)  system 
and  electromechanical  actuators  pMAs)  to  control  die 
engine  valves.  .  EMAs  eliminate  the  need  for 
convrational  hydraulic  actuators  and  pumps,  supply 
lines,  and  associated  .ground  sqiport  equ^pmen^ 
direcdy  siqiporting  the  IHPRPT  cost,  weight,  and 
reliability  g(^.. 

The  DEREC ;  ^receives  thrust,  and  mixture  ratio 
commands  fiom  die  test  stand  cooqiuter  and  modulates 
die  rig  EMAs  to  achieve  die  desired  article 
re^nse.  While  both  the  DEREC  and  EM/nteve  two 
fiilly  redundant  electrical  charmels,  only  one  channel 
will  be  active  for  die  demonstrator  test  prograitL  Use  of 
a  DEREC  with  EMAs  with  redundant  channels  is 
expected  to  provide  an  IHPRPT  i%ase  I  engine  widi  a 
45%  reduction  in  Mure  rate,  dirough  inqiroved  engine 
control,  electrical  signal  redundancy,  and  dimination 
of  the  pneumatic  actuation  system  The  demonstrator 
DEREC  will  communicate  with  die  test  facility 
throu^  a  MIL-STD-1553  data  intetMe  diroi^  an 
Engine  Control  Monitor  (ECM).  An  abort  command 
can  be  sent  directly  fiom  the  test  stand  conpiter  to 
terminate  the  test  should  the  fecOity  health  monitoring 
system  detect  an  out-of-limrt  condition. 


The  embedded  software  will  control  the  demonstratm 
dirou^  all  phases  of  operation  .-prestart  conditioning, 
start,  stea(^0^te,  and  ^utdown,  .  and  will  include 
limited  self-health  monitoring,  f^t  detection,  and 
&ult  accommodation  functions.  While  bodi  chaniber 
pressure  and  mixnire  ratio  control  Motions  will  be 
open  loop  widi  command  set-point  beii^  issued  %  the 
Test  Conductor,  the  DEREC  software  wiD  include  a 
limited  audiority  closed  loop  trim  fimction  tiiat  can  be  ., 
activated  during  testing.  . 

DEREC  software  has  been  writtm  and  bench  checkout 
of  tile  software  is  in  progress  using  a  Software 
Verification  System  which  incqqygates  a  Verifiw  fe; 
simulate  tiie  engine  and  EMA%^Figure  2).  The 
Vmifier  has  a  real  time  model  tiiat  simulates  engine 
operatiems  and  EMA  feedback  for  all  stages  of  engine 
ruination.  DEREC  software  test  cases  have  been 
conqileted  to  verify  all  engine  operating  ctmetitions  as 
well  as  Msor  perfinmance,  activator  response,  and  all 
control  ihodels.  Software  test  cases  are  presentiy  being 
run  to  verify  DEREC  self-health  monitoring  and  test 
stand  communications. 

Once  characterization  of  USD  conqionents  is  conqil  ete, 
software  schedules  and  constants  will  be  reviewed.  If 
necessary,  the  software  will  be  updated  and  all  changes 
will  be  re-tested  to  ensure  prc^  qieration. 

The  Verifier  System  will  dso  be  used  for  test 
simulation  during  demonstrator  testing.  Prior  to 
running  the  test  commaiid  sequence  cm  the  USD  rig,  - 
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4e  test  will  be  simulated  using  die  VCTifier  to  validate 


Software  and  hardware  integration  testing ’"wsS 
performed  at  die  bench  level  to  verify  control  system 
coni^^bility.  The  latest  USD  rig  test  DEREC  software 
tmh^^Eii^e  cycle  opmdcm  ^  simulatedma' 
si^ar"  %^on;:'to  that  ,  planned  for  ^icai;  W 
opi^^em/  Thi  limited  authority  closed  loop'txim 
f^^on  in  die  DEREC  software  was  also  evaluated 
during  this  testing. 

Cndcid  ^ftnaie  t^^  was  completed  using  die 
^ftwate^'^erificadon  S^tedi  described  in  section  4  ^ 
pB^^^the  inte^ra^n  test'Thjs  minimized  hardware 
that  all  vital  control  and  fmlt 
acconmo^bn  functions  were  tested  and  operating 
property.  •  ••■  ................  VT.:  ' 


configuration.  This  setip  is  nearly  identical  to  die 
»,  ^ftware  Verification  Systrai  wito  excagtion  of  actual 
.-^aiAs  weto  t^  instead^  of  die 
-  ^oadsprovided'bydie  VerifiCT. .  ^  '  ■* 

Test  Operation  , 

Durh^  normal  Software  Verificadrto  S}^|^  tg^tion 
the  Verifier  sets  chamber  pressure,  tc^g’dto"^  time 

. .  DEREC 

-r  4As  in  i^^‘  mi»ad>-pf  die 

/  y'\ 

■—  tj-*  ted  instead;  (tf;;|he\^ 

^  figuring  die  die 

^  s  of  pperaticm  jwere  tun  using 

V  sition 

4.'?^  —  ae  data  recoiii^^tem.  The 

^  s  for  real-time  dataiplayback  to 

.-STD-1553  test  bus.  The  result 
■  ■  Ji  ‘  ment  consistent  with  DEREC 
'  >  ^  XT'  rig  test  mode. 


Hardware  Settq) 

Figures  3  and  4  provide  a  photo  of  the  actual  test  setup 
and  a  functional  block  diagram  of  die  bench 


Fi^iK  4.  fiategration  Test  Hardware  Setup 
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Figure  3  -  IntegradiHi  Test  System 


Hardware  Status 

Assanbly  of  the  USD  is  being  paced  by  con^xment 
tests  of  &e  ALH  and  AEC.  Conqx>nent  testing  of  die 
ABC  is  scheduled  for  conqiledon  3'^  quarter  of  2000. 
Con^onent  testing  of  the  ALH  is  eiqiected  to  be 
completed  1^  quarter  of 2001.  The  ALO  has  conqileted 
conqionent  tests,  and  die  tutbopunqi  is  stored  at  P&W 
awaiting  USD  test  Manu&ituie  and  water  flow 
calitsation  of  die  USD  control  valves  has  been 
conqileted by  Flodyne Ontrols.  The  EM/Kare all  on 
hand  and  their  operational  status  has  been  verifled. 
Fabrication  of  the  control  system  wiling  harnesses  is 
over  95%  con^lete.  All  materials  are  on-hand  needed 
to  iabiicate  the  Demcmstrator  p^ing.  Once  testing  of 
the  conqionents  is  conqileted  ftey  will  be  used  to  field 
fit  die  ppng  during  the  1  *  quarter  2001.  Assembly  of 
die  USD  is  eiqiected  to  require  less  than  a  week  once 
&e  piping  fabrication  has  b^  completed. 

Testing  of  the  USD  mil  be  ctmducted  on  P&Wh  High 
Pressure  Cryogenic  Test  Facility  and  is  planned  to  start 
in  the  3*^  quarter  2001  mice  the  DEREC  software  has 
completed  validation  test 

Summary 


The  qieiating  conditions  and  design  features  of  die 
USD  components  were  selected  to  demonstrate 
IHPRPT  Phase  I  goals.  The  IHPRPT  goals  are  broad 
based  and  were  selected  to  focus  efforts  to  inqirove  all  ' 
aqiects  of  rocket  propulsion  systems.  Successful 
conqiletion  of  the  program  will  provide  die  confidence 
and  design  validation  to  transition  the  demonstrated 
advanced  technology  components  into  existing  and 
future  propulsion  ^«ems. 

The  primary  enablii^  technologies  (fluid  film 
bearings,  high-heat  transfer  chamber,  and  digital 
controls)  will  demonstrate  significant  benefits  for 
rocket .  engine  components  r^ardless  of  cycle  or 
prcpellant  combination.  Future  vehicles  such  as  the' 
Sp^- Operations  Vehicle  and  Space  Maneuvering 
V^i^e  will  need  very  high  performing  propulsion 
syst^.  The  USD  provides  a  deihc^tr^Qn  of 
advances  that  can  ^e^  diere  pnpidsirm  syst!^:^ 

White  foe  Usd  was  designed  fo  prot^  art 
Phase  I  ipper  s&ge  demmistnto,  it  was  kized  Ip  meet 
ffoure  larnKfo  system  defoahds.The  tinust  level  for  foe 
tpper  stage  demo^trator  is  based  on  future  laiinch 
vdicle  deiiiands.  Ihis  is  foeady  evitteiftfoi^A^^fo^ 
Ddta-  heavy  hft  configi^ons  that  use  two .  M;lft 
engm^.  An  en^e  based  on  foe  USD  meeting  foe 
IHPRPT  Phase  I  goals  for  thrust-to-wei^t  and 
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manu&cturing/support  costs  will  be  able  to  Tq)lace 
&ese  two  engines  in  the  same  envelope  of  just  one 
RLIO,  increasing  vehicle  reliability  and  reducing 
overall  vehicle  cost 

With  cost  being  one  of  the  primaiy  focus  areas  of  the 
IHPRPT  goal,  the  USD  has  also  developed  procedures 
and  manu&ctuiing  techniques  which  will  i^uce  die 
overall  cost  to  launch  vehicles  in  both  hardware  and 
si^iport  requirements.  This  supports  the  EELV 
program  goals  of  reducing  launch  costs  by  25  to  50%. 
Engines  utilizing  the  technologies  demonstrated  by  the 
USD  will  direcdy  benefit  any  future  upgrades  to  ^LV 
launch  vehicles.  The  higher  dtrast  level  and 
maintaining  the  same  operational  envelqie  of  die 
RLIO  also  siqiports  the  demands  of  die  heavy  lid 
EELV. 

The  USD  will  demonstrate  die  operation  of  a  high 
conducdviQr  chamber,  fully  stqipoited  fluid  film 
bearing  turiiqiump  and  digital  controls  in  an  engine 
configuration.  This  technology  demohstradon, 
scheduled  for  testii^  in  late  2001,  will  push  liqidd 
rocket  engine  performance  to  new  levels.  This 
technology  base  can  lead  to  a  highly  reliable,  reduced 
cost  engine  capable  of  tqilacing  ensting  RLIO  tpper 
ste^e  engines.  The  USD  1*®*^  rol^t  engines  for 
future  expendable  spplications!  /  ' 


American  histitute  of  Aeronautics  and  Astronautics 
8 


UNCLASSIFIED 


[  This  page  is  intentionally  left  blank.  ] 


UNCLASSIFIED 


